Increasing evidence indicates that the risk of acquiring tuberculosis (TB) and nontuberculous mycobacterial disease is elevated among patients with rheumatoid arthritis (RA). To determine the epidemiology of mycobacterial diseases among RA patients in Asia, we conducted a retrospective cohort study. We used a nationwide database to investigate the association of RA with mycobacterial diseases. The risk for development of TB or nontuberculous mycobacterial disease was 2.28-fold and 6.24-fold higher among RA patients than among the general population, respectively. Among RA patients, risk for development of mycobacterial disease was higher among those who were older, male, or both. Furthermore, among RA patients with mycobacterial infections, the risk for death was increased. Therefore, RA patients, especially those with other risk factors, should be closely monitored for development of mycobacterial disease.
T he major clinical spectrum of mycobacterial diseases is caused by tuberculosis (TB) and nontuberculous mycobacteria (NTM). TB remains a major global health problem; in 2012, an estimated 8.6 million persons became infected and 1.3 million died of the disease (1) . NTM are ubiquitous environmental microorganisms that cause chronic pulmonary and extrapulmonary infection in patients with inflammatory diseases (2) . Several NTM strains are resistant to many antimicrobial drugs, making treatment difficult (3) . Because reporting of NTM disease to public health administrations is not required in most countries, epidemiologic data for these countries are not available (4) . Pulmonary diseases caused by NTM are being diagnosed with increasing frequency worldwide (5), including in Taiwan (6) . In Taiwan, the incidence of TB remains high, despite extensive implementation of well-known TB control measures and use of the Bacillus Calmette-Guérin vaccine (7) ; between 2000 and 2012, a laboratory-based study indicated a trend of decreasing TB cases but significantly increasing NTM cases in Taiwan (6) .
Rheumatoid arthritis (RA), a chronic articular inflammatory disease (8) , affects 0.5%-1.0% of the adult population and is a major cause of disability in industrialized countries (9, 10) . Among RA patients, the risks of acquiring or dying of an infectious disease are increased, possibly because of disease-related immune dysfunction or the immunosuppressive effects of therapeutic agents (11) . In Europe and the United States, an increased risk for TB among RA patients has been reported (12) , and the risk for active TB is even higher among those receiving antitumor necrosis factor α (TNF-α) therapy (13) . Previous clinical studies have shown that the prevalence of latent tuberculosis infection was higher among RA patients than among healthy controls (14) . A recent study indicated that in the United States, the incidence of NTM disease was significantly higher among RA patients receiving anti-TNF-α therapy than among patients with other inflammatory diseases who were receiving the same treatment (15) . The prevalence of mycobacterial diseases is higher among the general population in Asia than in the United States and Europe (1, 16) . However, few population-based epidemiologic studies have investigated the association of RA with mycobacterial diseases in Asia. In addition, prevalence of concurrent medical conditions is higher among RA patients (17, 18) , which may affect their risk for TB (19) . However, the association of RA with concurrent medical conditions and mycobacterial infection is unclear.
In Taiwan, the National Health Insurance program is a mandatory universal health insurance program that provides comprehensive medical care for >99% of Taiwan's residents (20) (21) (22) . The National Health Insurance Research Database (NHIRD) is managed by the National Health Research Institutes, and confidentiality is maintained according to Bureau of National Health Insurance guidelines (23) . We used this nationwide database to conduct a retrospective cohort study investigating the association between RA and mycobacterial diseases in Taiwan during 2001-2011.
Risk for Mycobacterial Disease among Patients with Rheumatoid
Arthritis, Taiwan, 2001-2011
Methods

Data Source
The NHIRD includes inpatient and ambulatory care claims covering 1996-2011. The Longitudinal Health Insurance Database 2000 contains all original claims data for 1 million persons randomly sampled from the Registry for Beneficiaries of the NHIRD, which was released by the National Health Research Institutes, which confirmed that the random samples were representative of the general population in Taiwan. We systemically sampled NHIRD patient data for 2001-2011 ( Figure 1 ). The data were de-identified forms of secondary information in an anonymous format released to the public for research purposes. All work was done at the Taichung Veterans General Hospital, Taichung, Taiwan, and the institutional review board of this hospital exempted this study from full review (no. CE13151-1).
Definitions
Patients with different diseases were identified by use of codes from the International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM). In addition, the NHIRD includes a registry system for catastrophic illnesses, and RA is included in this database. Therefore, the diagnosis of RA (ICD-9-CM code 714.0) was made according to the 1987 American College of Rheumatology criteria (24) and the NHIRD Registry of Catastrophic Illness Patient Database. All TB and NTM cases were determined by use of ICD-9-CM codes, laboratory mycobacterium examination codes, and antimycobacterial therapy receipts; all 3 criteria needed to be met. We used the definition of TB in the published literature (20, 21) . First, the ICD-9-CM codes for TB were 010-018. Among TB cases, ICD-9-CM codes 010-012 and 018 are used for pulmonary TB and codes 013-017 are used for extrapulmonary TB. Second, >2 mycobacteria laboratory examination codes were used for TB identification, including those identified by acid-fast smear (13006C/13025C), mycobacterial culture (13012C/13026C), acid-fast bacillus differentiation (13013C), tuberculin test (12106C), tuberculosis test (13024C), and bronchoscopy (28006C) results (20) . Third, we identified patients who had taken at least 1 prescription consisting of >3 anti-TB drugs used simultaneously for at least 120 days during a 180-day period; these drugs were isoniazid, ethambutol, rifampin, pyrazinamide, amikacin, kanamycin, streptomycin, ciprofloxacin, ofloxacin, moxifloxacin, levofloxacin, prothionamide, clarithromycin, and thioridazine (20, 21) .
The NTM disease definition was based on the American Thoracic Society and the Infectious Diseases Society of America guidelines (3), which include clinical, radiographic, and microbiologic criteria. All items carry equal weight and all must be met for a diagnosis of NTM lung disease (3) as follows. First, the patient must have been assigned an ICD-9-CM code for NTM disease (031.0, 031.1, 031.2, 031.8, and 031.9). Among NTM diseases, ICD-9-CM code 031.0 is for pulmonary NTM disease and the others are for extrapulmonary NTM disease. Second, the mycobacteria laboratory examination code criteria for NTM needed to be consistent with those for TB (20) . Third, the patient should have received >2 drugs to treat NTM disease, including amikacin, cefoxitin, ciprofloxacin, clarithromycin, doxycycline, ethambutol, imipenem, levofloxacin, meropenem, minocycline, moxifloxacin, rifabutin, rifampin, tigecycline, and streptomycin (3). Simultaneous TB and NTM disease was defined as TB only. In addition, the first diagnosis of TB or NTM disease must have been made >6 months after the identification of the RA. The study end point was defined as the onset of new mycobacterial disease or death during the 11-year follow-up period (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) (2010) (2011) .
To understand the association between RA-related concurrent conditions and mycobacterial diseases, we choose several RA-related conditions to study. The definitions of each condition were based on the following ICD-9-CM codes: cardiovascular diseases (codes 390-438), diabetes mellitus (code 250), hyperlipidemia (code 272), liver cirrhosis (code 571), and chronic obstructive pulmonary disease (codes 490-492 and 496). In addition, we also selected mycobacterial disease-related conditions (e.g., chronic kidney disease [code 585] and HIV disease [codes 042-044]).
Study Population
The study was a retrospective cohort study of NHIRD data for 29,746 patients >18 years of age who had received a new diagnosis of RA during January 1, 2001, through December 31, 2011. We excluded 749 patients whose TB or NTM diagnosis was made within 180 days after the RA diagnosis and/or who died within 180 days after RA diagnosis. The age-matched control group (>18 years of age) was selected from the NHIRD Longitudinal Health Insurance Database 2000 and excluded patients for whom information regarding age or sex was missing, those with a history of RA, TB, or NTM, and those who died before July 1, 2001 . Patients with newly diagnosed RA (28,997 patients) and controls who did not have RA (115,988 controls) were matched 1:4 by age and sex ( Figure 1 ).
Statistical Analyses
Data are presented as mean ± SD for continuous variables and as proportions for categorical variables. Differences were analyzed by using the independent t-test for the continuous variables and the χ 2 test for the categorical variables. Incidence rates for newly diagnosed mycobacterial diseases among RA patients and controls were calculated. For each cohort, incidence rates per 1,000 person-years were also calculated according to the distribution of demographic characteristics and concurrent conditions. The multivariable Cox proportional hazards model was adjusted for age, sex, Charlson Comorbidity Index score (25) , and urbanization (residence in urban, suburban, or rural area) before being used to identify independent factors contributing to the development of mycobacterial diseases in the RA and control cohorts. The 95% CI for each variable was also determined. All analyses were conducted by using SAS statistical software version 9.3 (SAS Institute, Inc., Cary, NC, USA). A p value of <0.05 was considered significant.
Results
Characteristics of the Study Cohort
Data for ≈99% of Taiwan residents were included in the NHIRD. Among these, 28,997 eligible persons with newly diagnosed RA were identified during 2001-2011. The follow-up period for this study population, during which risk for mycobacterial disease development was assessed; mean follow-up time was 5.1 years (range 2.1-8.3 years). The control group was matched for age and sex at a ratio of 1:4, and a total of 115,988 participants who did not have RA (controls) were identified ( Figure 1) . Characteristics of the enrolled participants are summarized in Table 1 . RA patients were predominately (77.7%) female, and mean age was 53.9 years. Approximately 22.9% of the RA patients were >65 years of age. Age and sex distributions between the RA patients and controls did not differ significantly. Prevalence of concurrent conditions was higher among RA patients than among controls (56.4% vs. 32.1%, respectively; p<0.0001). No clinically significant difference in urbanization was found between RA patients and controls.
Characteristics of RA Patients with Mycobacterial Disease
Among the total study population of 144,985, new-onset TB developed in 2,144 (1.48%) (Figure 1 ). Among the 28,997 RA patients, 518 (1.79%) received a new diagnosis of TB at least 6 months after their RA diagnosis (Figure 1) . Of the 518 patients with TB that we identified, the TB was pulmonary for 457 (88.22%) and extrapulmonary for 61 (11.78%). The incidence rate for TB was higher among RA patients than controls (3.4 vs. 1.4 cases/1,000 person-years, respectively; Table 2 ). After multivariable analysis and adjustment for age, sex, Charlson Comorbidity Index score, and urbanization, the risk for TB development increased 2.28-fold for RA patients over that for controls (95% CI 2.06-2.54; p<0.0001). The risk for TB development, after stratification for age, sex, and urbanization, was higher for RA patients than controls. Further analysis indicated that the risk for TB development was higher for RA patients with concurrent conditions than for controls with the same conditions. New-onset NTM disease developed in 131 (0.09%) patients (Figure 1 ). For 52 (0.18%) of the 28,997 RA patients, NTM disease was newly diagnosed at least 6 months after RA was diagnosed (Figure 1 ). Of these 52 patients with identified NTM, 27 (51.92%) had pulmonary and 25 (48.08%) had extrapulmonary disease; 27 (51.92%) had a history of previous TB. The incidence rate of NTM disease was significantly higher among RA patients than controls (0.3 vs. 0.1 cases/1,000 person-years, respectively; Table  2 ). Multivariable analysis indicated that risk for development of NTM disease was 6.24-fold higher among RA patients than controls (95% CI 4.24-9.17, p<0.0001). As was the case for TB, the risk for development of NTM disease after stratification for age, sex, and urbanization was higher for RA patients than controls. In addition, risk for development of NTM disease was higher for RA patients with concurrent conditions than for controls with the same conditions.
Risk Factors for Mycobacterial Disease Development
Risk factors for development of mycobacterial diseases in RA patients were older age and male sex. For patient age >65 years, the adjusted hazard ratio [aHR] was 5.06 (95% CI 3.72-6.88; p<0.0001) for TB and 4.70 (95% CI 1.82-12.13; p = 0.001) for NTM. For male patients, aHR was 2.35 (95% CI 1.97-2.81; p<0.0001) for TB and 2.64 (95% CI 1.52-4.60; p = 0.001) for NTM (Table 3 ). In addition, among RA patients, the risk for TB and NTM was positively correlated with increased age (Figure 2) . No significant difference in urbanization was found for TB and NTM disease development in RA patients.
Risk for Death among RA Patients with Mycobacterial Disease
Risk for death was higher among RA patients with mycobacterial infection than among RA patients without mycobacterial infection (aHR 1.62, 95% CI 1.38-1.90, p<0.0001 for TB; aHR 3.06, 95% CI 1.53-6.12, p = 0.002 for NTM; Table 4 ). Furthermore, the risk for death was increased among older RA patients (>65 years, aHR 8.81, 95% CI 7.48-10.39; p<0.0001), male patients (aHR 1.73, 95% CI 1.59-1.88; p<0.0001), and patients who lived in rural areas (aHR 1.41, 95% CI 1.29-1.54; p<0.0001).
Discussion
This nationwide population-based retrospective cohort study indicated that among the ≈20 million enrollees in Taiwan's NHIRD, the risk for development of TB was 2.28-fold greater and the risk for development of NTM disease 6.24-fold greater among RA patients than among controls. Among RA patients, significant risk factors for development of mycobacterial disease were older age (>65 years) and male sex. Furthermore, the risk for death was higher among RA patients with mycobacterial infection than among RA patients without mycobacterial infection. *COPD, chronic obstructive pulmonary disease; RA, rheumatoid arthritis. †Median, mean follow-up time for patients with RA = 5.1, 5.2 ± 3.1 y and for patients without RA = 11.0, 10.3 ± 2.1 y; p<0.0001. ‡Mean (± SD) age for patients with RA = 53.9 ± 14.1 y and for patients without RA = 53.5 ± 14.9 y; p<0.0001. §Mean (± SD) index for patients with RA = 1.0 ± 1.3 and for patients without RA = 0.6 ± 1.2; p<0.0001.
The incidence of TB (53.0 cases/100,000 population in 2012) and mortality rate (2.7 cases 100,000 population in 2012) were higher in Taiwan than in other Asian (e.g., Japan, Korea) or western countries (7) . In this study, the incidence rate for TB was significantly higher among RA patients than controls (3.4 vs. 1.4/1,000 person-years, respectively). A population-based study in Europe showed that the risk for development of TB was 4-fold higher among RA patients than among the general population (26) . Although the incidence rate for TB for the general population declined over time, the incidence rate for TB among RA patients was still higher than that among controls (26) .
Our findings that male sex and older age are major risk factors for mycobacterial infection among RA patients in Taiwan are consistent with local laboratory-based data (6) and findings of systematic reviews in Asia (16, 27) . However, in Japan, South Korea, and most western countries, most NTM disease patients were female (16, 28) . This discrepancy may be associated with lifestyle, environmental factors, and genetic factors. More studies are required to confirm this hypothesis. We also found a history of TB for 27 (51.92%) of NTM-infected RA patients and 43 (54.43%) of 79 controls, similar to results from eastern Asia (27) . Furthermore, our results illustrated that risk for development of NTM disease was 6.24-fold higher among RA patients than controls and that the risk for death among RA patients with NTM disease was 3.06-fold higher than that for RA patients without NTM disease. A recent population-based study in Canada demonstrated a 2.07-fold increased risk for NTM disease among RA patients and a 1.81-fold increased risk for death among RA patients with NTM disease (29) . The risk for exposure to mycobacteria closely correlated with the prevalence of mycobacterial diseases. The prevalence of mycobacterial diseases is higher in Taiwan (5,7), thus leading to an increased risk for infection (aHRs 6.24 vs. 2.07) and infection-related death (aHRs 3.06 vs. 1.81) among RA patients in Taiwan and Canada, respectively. Among participants in this study, the risk for death among RA patients with NTM disease was higher than that among RA patients TB (aHRs 3.06 vs.1.62). This finding might reflect increased incidence of NTM disease in Taiwan, but awareness of NTM disease is not enough. In Taiwan, cases of TB should be reported to the public health administration, and control measures should be implemented immediately. However, cases of NTM disease do not have to be reported, and few hospitals can fully identify NTM (6) . Furthermore, the severity of NTM disease varies, resulting in missed diagnoses for patients with mild and asymptomatic infection. Therefore, it is easy to ignore and underestimate the consequences of NTM disease. According to experience in Europe (26) , risk for mycobacterial diseases in RA patients is reduced by increasing the awareness of hospital staff and screening for mycobacterial diseases. In addition, more laboratory data are needed for investigation of the characteristics (e.g., species distribution, invasion site, drug resistant) of clinical NTM strains.
In this study, pulmonary invasion affected most RA patients (88.22%) and controls (92.50%) with TB and slightly more than half (51.92%) of the RA patients with NTM disease. In the past few years, the incidence of NTMassociated pulmonary diseases and hospitalization has increased in Europe and the United States (30, 31) , and this increase is most likely associated with the global trend toward more persons being of older age, increased use of immunosuppressive medication, elevated prevalence of immune-modulating concurrent conditions, and use of advanced diagnostic techniques (16) . In addition to pulmonary NTM disease, an increased percentage of extrapulmonary NTM disease was noted in RA patients than controls (48.08% vs. 34.18%). Similar elevated manifestations of extrapulmonary NTM (44%) were reported from another study, which found NTM disease in RA patients receiving anti-TNF-α therapy in the United States (32, 33) .
Our results showed that the risk for development of mycobacterial diseases was higher among RA patients with concurrent medical conditions than among controls with the same conditions. These findings were similar to those of a population-based study in Canada (29 (19) . However, the relationship between other RArelated conditions (e.g., hyperlipidemia) and mycobacterial diseases remains unclear. In addition to demographic and host factors, geographic factors are associated with the development of mycobacterial diseases (19, 34) . A population-based study in the United States found that TB-related deaths were strongly predominant among the general population living in urban areas, but no such meaningful difference was found for NTM disease-related deaths (34) .
Our results showed that after stratification of data for urbanization, the risk for both TB and NTM disease among all RA patients was higher than that for controls, but no significant difference with regard to urbanization and mycobacterial disease development in RA patients was found. Urbanization had fewer effects on increasing the risk for development of mycobacterial diseases in RA patients in Taiwan. The NHIRD contains complete medical information regarding patients, including prescription details, diagnoses based on the ICD-9-CM codes, registration files, and original claims records for reimbursement. However, this administrative database has several limitations. First, the NHIRD does not contain detailed information of lifestyle factors (e.g., smoking, alcohol abuse, or substance abuse) or individual health status (e.g., body mass index, malnutrition, genetic factors) that are associated with mycobacterial infection and RA (19, 35) . Another limitation is that the NHIRD only contains medical claims data, so the current condition of the patients is unknown. Of note, the NHIRD does not include the results of laboratory examinations. To improve accuracy of the analysis, we used not only ICD-9-CM codes but also mycobacteria laboratory examination codes and antimycobacterial therapy receipts to identify TB and NTM disease cases. Because most patients with NTM pulmonary lung disease do not receive treatment, our definition (which requires treatment) is probably relatively insensitive, missing all untreated cases. The definition is undoubtedly highly specific, but because extrapulmonary NTM is almost always treated, our definition probably resulted in a higher than expected proportion of extrapulmonary NTM cases. The major strength of this study is use of a nationwide database with medical care records, which is minimally affected by selection and recall biases. In addition, the large sample size of the NHIRD (≈20 million enrollees, including patients and the general population) and long-term records enhanced the statistical power and accuracy of this study. Increasing evidence indicates that the elevated risk for mycobacterial diseases among RA patients is primarily attributable to the effect of immunosuppressive therapies (15, 32, 33) . Because most RA patients in Taiwan were treated with disease-modifying antirheumatic drugs or biologicals, we hypothesized that the risk for development of mycobacterial diseases may be associated with immunosuppressive therapy, RA-related concurrent conditions, or immune dysfunction caused by RA itself. Further studies are required to confirm this hypothesis.
In conclusion, our results showed that risk for death is higher among RA patients with than without mycobacterial diseases. Therefore, TB-or NTM-infected RA patients should be closely monitored, especially those who are male, are >65 years of age, or have concurrent conditions.
